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(71) We. Miles J.^bcwatoorxhs Twr-„ a 
Corporation organised and existing under 
the laws of the Setae of Indiana, United 
States of America, of 1127 Myrtle Street, 
5 Elkhart, Indiana, United States of America, 
do hereby declare the invention for which 
we pray thai a patent may be granted to us, 
and the method by which it is to be per* 
formed, to be particularly described in and 
10 by the following statement: — • 

THIS INVENTION relates to apparatus 
for gel electrophoresis and is mme espe- 
cially concerned with tho provision of an 
15 apparatus for enabling the results uf ana- 
lytical gel electr ophore sis^ to be translated 
into larger scale preparative separation. In 
its preferred form, as Latter described in detaiL 
the apparatus is useful for studying com- 
20 piex proteins or enzyme systems. 

Tt has hswn fnnnd that excellent Tesnhu 
tion can be obtained of p r otean mixtures by 
electrophoresis m poryacrylamide and starch 

gels in analytical work but difficulties have 

25 arlftan in th* development of apparatus fliiit- 
able for using each rnethodc for dealing with 
materials in preparative Quantities, Gener- 
ally the technical difficulties which have 
arjsen stem from ditncuities in obtaining 

30 satisj^r^ory arntfnn, difficulties in merharri* 
catty stabilising a large block of gel 00 that 
it does not collapse into a collecting uluou- 
bar, difficulties in dissipating heat ade- 
quately and ffifficnItittK in maintaining a mri- 

35 form electrical field geometry. When refer- 
ring herein to elutton we are referring to the 
use of a flushing liquid to carry away the 
prepared fueteriajR. 

According to the present Invention there 

40 is provided apparatus for gel electrophoresis 
comprising a housing providing a plurality 
of open ended parallel chambers for 
the receipt of geX a porous member 
providing a closure for at least one 

45 end uf each chamber, au elewlrudc clonic 
[Prh* ISpl 



her adjacent each of the opposite ends of the 
gel chamber?* an elation, as hereinbefore 
defined, coxupaituiciU located between one 
of the electrode chambers and an adjacent 
pel chamber end. the elution compartment 50 
being sep a ra t ed from the electrode chamber 
by a semi-permeable membrane and from 
the chamber end by the porous member, and 
means for feeding during liquid through the 
elution compartment. While an elation, com- 55 
paruuent can bo provided common to a 
plurality or gel chambers separate elution 
compartments may he provided for fn di- 
vidual gel receiving chambers should it be 
desirable to iota uruercnl materials under 60 
identical conditions at the same time in the 
separate chambers* 

Preferably a stirrer is provided in the ehir 
tion compartment ux order to provide coin— 
sis cent conditions therein and a convenient & 
form for a s ti r re r etwrmrfsea a paddle ami 
means for oscillating the paddle back and 
forth in the elution compartment. Suitably 
the elution compartment may comprise an 
acrylic sheet of "Penmex" (Trade Mark) hav- 70 
lag an aperture therethrough, one eUSe of 
the aperture being closed by a porous sheet 
cuiuyrisjug the pvxuus support and the other 
being closed by the semf-permeable mem- . 
brane sandwiched netumen two perforated 
support plntoe* 

Preferably eluUun compartments are pro- 
vided at both ends of the gel chambers 
Whereby anodic and esfhnme renditions can 
be examined at the same time. 80 

Suitably (he means for cooling the gel 
chambers may comprise passages fir cooling 
liquid in walls separating adjacent gel cham- 
bers. Preferably means are also provided for 
circulating cooled buffer liquid through the 85 
electrode chambers and the cooling passages. 

Means such as a peristaltic pump may be 
provided for feeding the ehatmg buffer liquid 
through each elution compartment lu a con* 
ti oiled manner to a fraction collector, an 90 
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ulua-violci pUoiojaactci. bdo£ jiiro vided Lor 
recording the different component removed 
in the erntion linriid 

The invention will bo further described, 
5 by way of example wilL nsfcruace tu Uic 
accompanying drawings, in which: 

Figum i la an Innmerrin vfnw flhismirjng 
^he general arrangement of electrophoresis 
apparatus embodying tlie present invention: 
10 Figure 2 is a detailed sectional view of the 
semi-ncnncablc membrane arrangement em- 
ployed in the apparatus of Figure 1: 

Figure 3 la u fragmentary view Miowiug 

perforations in the suoport plate for the 
O Kemi^permeshln membrane: 

Figure A is an exploded diagrammatic 
view muAti Ating the flow pattern of cooling 
hemic; . . , _, 

Figure 5 is a diagrammatic view snowing 
20 the flow pattern of aiming or flushing buffer 

Figure 6 is an elevaxlonal view of the sheet 
of perspex used in form the elntfon cham- 
ber; and 

35 Figure 7 dlagraxnmattcally illustrates a 
stirrer for use with the elation chamber. 

Referring to the drawings there is shown 
in Figuro 1 apparatus comprising an anode 
chamber 2 and a cathode chamber 3 of 

30 generally similar construction. Between the 
chambers 2 and 3 are provided a plurality 
of open ended parallel chambers 4 tor re- 
ceipt of gel, the cn da of the gel chambers 
being separated by an elutian chamber 24 

35 and a semi-permeable membrane assembly 
A from the alriorroda chamber. The electrode 
ohambero are conetructed of acrylic sheet 
material W4II1 the oluliuu chaiubc* 24 bclag 

formed by a cut-out portion of the wall * of 

40 rha AlflTtrnrk chamhfr adjacent the gel 
chambers- The eetni-porous raamhrane 
assembly 6 is clamped agahisL the wall 8 by 
means of a compression plate 9 held at its 
tovmr i^dg* hy a hlnrV 10 ntfsnrai to the 

45 inside of tho bottom of the electrode cham- 
ber and al the top by an Inverted U-shaped 
retaining block 12 ctonptne the wall a and 
plate 9tozether. Whflb onoblock 12 is illus- 
trated in figure 1 it wfll be appreciated that 

50 two such retaining blocks will be provided 
for each electrode chamber. 

An anode 14 and a cathode ,1b are illus- 
trated ftxtenriing into the anode and cathflda 
chambers 3 and 3 reapectrvely. 

55 The. gel chambers 4 are separated hy ver- 
tical cooling walls lb* secured 10 a bottom 
cooling block 20. An upper cooling block 
22 also is provided for rearing on the top 
ends of the walk 18 whereby the top. bot- 

60 time and side wall of each parallel gel cham- 
ber fa Cfmstftuted by a conlfug wall or WoeV. 

The tnde of the gal chambers 4 ore oloced 
by a porous polyethylene sheet member 26 
as shown In Figures 1 and 2 for supporting 

65- gel in the chambers 2. On the side of the 



elutlon chamber 24 remote from the sheet 
26 is provided the semi-permeable mem- 
brane assembly 6 which is sunned by a . 
scmi-pcrmcahio membrane 27 sandwiched 
between Lwo membrane mounting plates 29 70 
sealed to the compression plate 9 by means 
of a gasket 28. Conical holes 30 extend 
through the mounting plates 25) to provide 
fur the cuntau of liquid with cither side of 
the dialysis membrane 27- The arrangement 73 
of holes 30 in thft mounting plate* 29 « 
illustrated In Figure 3- 

The shape of the electrode chamber wall 
8 is best seen from Figure 6 where the du- 
tion chamber is shown as being farmed by 80 
a out out section from the plate 8. Holes 32 
end 34 die shown extending through Uic walls 
01 the chamber 24 formed by the plate 8 
and are Tftspecttvaly provided with nipples 
36 and 38. The bottom of the chamber 24 85 
is of wide V-shaped foini sloulug towards 
the passage 34 as shown at 39 In Figure 6. 

The top of Iha anrtanrtm illustrated in 
Figure 1 is adapted to he oloced by o lid 40 
of acrylic material Indicated in Figure 7 ™ 
which la provided with slots 41 over each 
of the elutian compartments. A stirrer fa the 
form of a paddle 42 extends down through 
the slots 41 fox receipt, within respective elu- 
tlon compartments and is carried by a rod 95 

44 which is itself carried for oscillating 
movement by acrylic brackets, not shown* 
carried by the cover 40. Means for oscillat- 
ing the stirrer paddle £2 comprises an arm . 

45 secured to the rod 44 displaceable by an 100 
eccenrric. 4ft rotatable by a shaft 49. A motor, 
not shown, is provided for rotating the shaft 

49 to cause osculation of the stirrer paddle 
42 during use ot the apparatus. a m 

Figirro 4 illustrates the pattern for flow of »0* 
cooling liquid through tho walls of tho gal 
chambers 4, In this Figure the top cooling 
block 22 is shown as being divided by 
baffles 50 so that liquid passed through the 
block wfll follow a serpentine path from end U0 
to end UtercuL Similarly bailies 52 axe pro- 
vided in each of the vertical walls 18 and 
also baffles; not shown. «m provided in the 
bottom cooling block 20 to ensure a serpen* 
tine flow of coullug lluuid through the vex- 115 
ileal wans 18 and the bottom cooling block 
20. A pump 54 is provided for jmrnptfig the 
cooling liould to a Y-pdcce 56 where the 
flow is drvxdcd, one section of the flow 
passing to the top cooling block 22 and from i20 
thence to the anode chamber ?. and the other 
portion of the liquid flow passing to tho 
oot torn cooling block 20 and Veitfcal cuuiiug 
wall* 18 from whence it passes to the cath- 
ode chamber 3. From the cathode chamber &5 
the liquid flow passes to a temperature oon 
trol core 58 from where it returns hi Urn 
pump 54. Iu this Figure also suitable tubes 
60 and 62 are shown for connection by a 
flexible tube for equalization of the liquid 130 
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IcycU la the iwu ulcclruUc chambers 2 and 

Figure 5 <hcw> a flow diagram for ehiting 
buffer liquid in which during buffer liquid 
5 from a icaeivoir 64 Is caused to flow by 
means of a metering peristaltic pump 65 
through conduits 66 and 68 to elurian cham- 
bers 24. The elating buffer liquid Is then 
passed through conduits 67 and 69 through 

10 the proportioning peristaltic pump 65 to 
ultra-violet photometer* from whence The 
flow panes to a fraction collector 72. Re- 
corders 71 operated by lire ullra-viulel 
photometer 7U separately record the anodic 

25 and cathoriie components in the flow patting 
to the fraction collector. 

Generally flexible tubes aic used fur con- 
ducting eluiins and cooling liquid between 
the varirni? components, the components 

20 themselves being fitted with nipples for re- 
ceiving ihc Uibing. 

As indicated above 8 torn plate or sheet 
of porous polyethylene In Recurprf to rlo« 
the endo of the spl ohcunbere. Suitably the 

25 vertical and outturn lulling walls uf the $d 
chambers can be formed of acrylic mate- 
rial with the porous polyethylene plate being 
cflmentftrt whjt cyano-ftcrylate to these walls. 
While one form of the pcrspc* plate dc- 

30 fining the elation chamber 4 Is illustrated in 
figure 6 in an alternative form instead of 
having the inlet for eluting buffer liquid 32 
through the plate the inlet may be provided 
horn above Ihruuah a removable lid of the 

35 apparatus, this lid also mounting the 
stirrers. 

In order to use the apparatus gel solution 
is supplied to the gel chambers and a former 
having downwardly depending members is 

40 provided as a lid so that following setting 
or polymerisation of the gel the former can 
be removed to leave slots at a suitable loca- 
tion in the individual gcJ chambers for re- 
ceipt of the material to be tested. During 

45 supply of gel to the gel chambers the gel is 
drawn into the pore* of Lite puivus poly 
ethylene during casting and thus gel is 
anchored to the porous polyethylene cheer 
or plate. A suitable gel separation medium 

50 is poly&crylamidc as gcl& uf this muLedul are 
Transparent and chemically inert; they can 
be varied over a wide rang* nf ronrentration 
and pore sizes thus taking advantage of onv 
differences in molecular size or sliape as weft 

55 as cliarge difiercuccs; furthermore poly- 
acrylamioe gels can be polymerised in the 
presence of many solubilising agents as urea 
or non ionic detergents and over a wide 
l'&nge uf pH, thus permitting solutions and 

60 separation ot even structural proteins which 
.ire as difficult to dissolve as those of viruses, 
riboaomes and mitochondria and isoenzymes. 
When die gel solution is added to the cham- 
bers care is taken to avoid trapping air 

<*5 bubbles within the gel *nlirrion. For varying 



the dimensions of the slots in the gel as re- 
quired different slot forms can be used as 
each slot former is relatively eheap to pro- 
duce, comprising a piece of acrylic sheer 
having cemented thereto four downwardly 70 
depending pieces of acrylic material tor re- 
ceipt in the individual gel chambers. Once 
die slut has been funned samples can be 
supplied to the slot and conveniently may 
be supplied in agarose gel to prevent *l«r> 75 
trodecmntation- 

The electrical potential for electrophoresis 
is applied across the cathode and anode and 
during electrophoresis charged mnlemiles 
migrate from the sample slot through the 80 
separative medium, preferably polyacryl- 
amiUe gel as indicated above, to the buffer 
tilled eTution compartments. Simultaneously 
buffer is pumped sequentially through the 
chitlon compartments to Hie uiunliorixig 85 
ultra-violet photometers and the traction col- 
lector. During use of the apparatus the buffer 
in the eluting chambers is stirred by the 
stirring panels to prevent electrodecantation 

which could lead to distortion of the elco- 90 
tncal Held and thus affect the resolution both 
in the gel and the ehzflte and also To prevwnr 
absorption of proteins or other materials 
into the mcjiibj&oc. Because Uuuble ended 
elution is provided, both anionic and 95 

cation tc specie* nan h* l<ol»tcd at one time. 
While the construction described has been 
used for treating amounts of protein up to 
4 grams in an alternative arrangement, by 
designing the plate « «o as to provide an 100 
elution chamber or comportment for each 
gel chamber and by supplying separate 
streams of eluting buffer through the indi- 
vidual gel chambers, tests can he carried out 
simultaneously on different materials in each 
of the gel chambers under identical condi- 
tions for obtaining comparative results. 

Thus wjzen providing for separate, collec- 
Hrms of omMng hnffer tor the individual gel 
chambers it is possible to study four cGfV 110 
reran protein/enzymes in isolation under 
identical conditions during the course of a 
single experiment 

While four gel chambers have been illus- 
trated it win Ec appreciated that the capa- 
" ' increased 

lei cham. 
fnciple of 

design as Outlined ubvve with proper circu- 
latory provision for cooling liquid. 

As an example of use of the apparatus a 
two gram mixture of bovine plaema albumin 
and Imcmoglobin-A were fractionated. Th e 
buffer used was 0.09 M Trls, 0.002 M EDTA 
Na- and 0.089 M HiBO» having a pH of 8.3. 
Each of the four gels comprised a 5.5% 
concentration of polyacrylamidc were 7*2 
cm long, 2.4 cm wide and 8.0 cm deep. The 
sample slot was 1.8 by 0J cm and 7.6 cm 
deep: ft was cast at 3_S cm from the anodic 130 
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tratca it win oc appreemtea mat me 
citv of the apparatus can he inc 

simply by building in additional gel 
bers, all based on the same prlncij 
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end or me gel bed. The width in me electro- 
phoresis axis bring 03 cm. The flow rate of 
eluttng buffer was 50 ml /hour and the volt- 
age gradient was 7 voltj/cm., the tcmpcxa- 
5 xurc during electrophoresis being mBtmnlnnl 
at 4*C. Prior to the adamon ot Uie sample 
to the ©rf «W the gris weir pre-nm for one 
and a half houre at 7 volte /cm-, the complete 
being applied iu 0J agaiose (final couccu- 

10 traxion). The temperature was kept constant 
by the use of the temperature control cofl 
58 which comprised a, glass coil through 
which the cooling buffer was flowed, the coil 
being immersed in a temperature control 

IS barb. 

WHAT WE CLAIM IS: — 

1, Apparatus tor gel electrophoresis 
comprising a housing providing a plurality 
20 of open ended parallel chamber* for the 
receipt of gelt *- porous member providing 
a closure for at least one end of each cham- 
ber, an electrode chamber adjacent each of 
the opposite ends of the gel cham- 
25 here* an elation, as hereinbefore 
defined, compartment located between 
one of the electrode chambers and 

and adjacent gel chamber and, the era 
tlon comportment being separated &oju the 
30 electrode chamber by a semi-permeable 
membrane and from the chamber end by 
the porous member, and means far feeding 
elating liquid through the elusion oomport 
luent* 

35 % Apparatus according to claim 1. 
wherein an ehition cnmpaTtmenr is pmvin«rt 
common to a plurality of gel chambers. 

3. Apparatus according to eitheJ^nwed- 
ing claim, wherein a stirrer is provided m 

40 the etotion compartment 

4. Apparatus according to claim 3. 
wherein (He stirrer comprises a paddle and 
means for oscillating the paddle bade and 
forth in the elation compartment 

45 5. Apparatus according to any preceding 
claim, wherein the eluoon comportment 
comprises a sheet of acrylic material having 
an aperture therethrough, one side of the 
aperture being closed by a porous sheet oom- 

50 prising the porous member and the uQici 
feeing" closed try the semi-permeable mem- 
brane sandwiched between two perforated 
support plates. 
67 Apparatus according to any preceding 
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claim, wherein elation compartments are W 
provided at both mwte of th* gel chamber*. 

7. Apparatus according to any preceding 
claim, wherein separate elation compart- 
ments are provided tor Individual ones ox 
the parallel gel receiving chambers, » 

8. Apparatus according to any precec 
claim* wherein the means for cooling the 
chambers comprises passages tor 1 
liquid in wails separating 
chamber*. 

9. Apparatus according to any c 
claim, wherein the means for cooling the 
chambers comprises passages for eooL__ 
liquid in outer housing walls to the exterior 
of the gel chambers. 

10. Apparatus according to ufcdxu 8 or 
y, wherein means are provided for circulat- 
ing cooled buffer liquid through the elec- 
trode chambers and the cooling paasages. 

11. Apparatus according to any prcccd- 7t> 
ing claim, wherein means are provided for 
individually feeding eluttng buffer liquid in 

a controlled manner through each efoiuon 
compartment to a fraction collector- 

12. Apparatus according^ to claim I1 P 75 
wherein a peristaltic pump is provided for 
feeding the cluting buffer liquid, ouch peri- 
blaltic pump cuulruIlbuL both the feeding 
means to and from the elurion compartment. 

13. Apparatus according to claim 11 or w 
12. wherein an ultra-violet photometer is 
provided for recording the different com- 
ponents removed tn the eluttng liquid. 

14. Apparatus according to any preced- 
ing claim, wherem the hmuSng and cbamher gs 
oomponento are formed of acrylic sheet 
materia]* 

15. Apparatus according to any preced- 
ing claim, including gel in the gel chambers. 

16". Apparatus according to claim 15, 99 
wherein the gel is provided with a slot part- 
way along the length of each chamber for 
the receipt of material to be resolved. 

17. Apparatus for gel electrophoresis 
constructed and arranged to operate sub- 
stantially as hereinbefore described with 
refer ence tn and ak fllnAfreted In the acrnro- 
panyins drawings. 

I. A KEMP A CO., 
Chartered Patent Agents. 
14. South Square, 
Gray's Inn, 
London WC1R 5EU. 
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